Objectives: To analyse the lateralising value of unilateral manual automatism (UMA), its relation to contralateral dystonia and the hand by which the UMA was performed. Methods: In this retrospective study, we reviewed video recordings of 141 patients (mean age 34.1 AE 10) who had consecutively undergone presurgical evaluations with ictal video-EEG recordings and high-resolution MRI, had had epilepsy surgery due to intractable medial temporal lobe epilepsy with complex partial seizures due to unilateral medial temporal lobe lesions. The video recordings were prospectively reviewed by one of the authors blinded to patient's clinical data except the diagnosis of medial temporal lobe epilepsy. Altogether 310 archived seizures were analysed. Results: Hand automatisms occurred in 86.5% of patients. UMA occurred in 53% of patients. If UMA was accompanied by contralateral hand dystonia, it had a high lateralising value to the ipsilateral epileptic focus (EF), it was ipsilateral in 85% of patients. Conversely, if UMA occurred without contralateral dystonia, it had only a limited lateralising value because it was ipsilateral to the EF in only 63% of patients. However, we found that left-sided UMA without dystonia had a high lateralising value to the left hemisphere (ipsilateral to the EF in 82%), while right-sided UMA without dystonia has practically no lateralising value. Conclusions: UMA with contralateral dystonia has a high lateralising value to the ipsilateral hemisphere. Left-sided UMA without contralateral dystonia has a lateralising value to the left hemisphere. Right-sided UMA without contralateral dystonia has no lateralising value.
Introduction
The significance of ictal clinical lateralising signs has increased during past years, adding further information to the localization of the epileptogenic focus, which is especially useful in presurgical investigation of intractable epilepsy. [1] [2] [3] [4] Hand automatisms is one of the principal characteristics of complex partial (psychomotor) seizures 5 occurring in >80%. 6 In 9-40% of patients, hand automatism occur in one hand only and are called unilateral manual automatism (UMA). 1, 4, [6] [7] [8] Although this is one of the most frequently seen unilateral phenomenon during seizures, the lateralising value of UMA is controversial. Some studies did not find it as a reliable lateralising sign, 9 whereas others found it as a sign frequently indicating an ipsilateral epileptic focus. 1, 4, 6, 8, 10 Kotagal et al. found UMA to be a lateralising sign to the ipsilateral hemisphere only when it was accompanied by contralateral hand dystonic posturing. 11 Others also found that dystonic posturing accompanied by unilateral automatism is a very reliable lateralising sign in temporal lobe epilepsy. 11, 12 It is unclear whether ictal automatisms are caused by spreading ictal epileptic activity 12, 13 or may be considered to be a release phenomenon. 3 Kotagal et al. suggested that UMA is a truly bilateral automatism, but the automatisms contralateral to epileptic focus (EF) are overridden by dystonic posturing or ictal paresis. In these cases, however, it is not clear why the lateralising value of UMA is lower if it occurs without contralateral dystonia. If automatism is a release phenomenon then it is plausible to hypothesize that patients usually perform these semi-purposeful actions with the right (or dominant hand) and this may be one of the reasons why it has no lateralising value.
In the present study, we wanted to systematically investigate the lateralising significance of this very frequently seen phenomenon in complex partial seizures, its relation to ictal dystonia and the side of EF. For this purpose, we re-evaluated video-documented seizures looking for lateralising the value of UMA, its relation to contralateral dystonia and the hand by which the UMA was performed.
Methods

Patients
In this retrospective study, we reviewed video recordings of 141 patients (81 women, aged 16-59, mean age 34.1 AE 10, mean age at epilepsy onset 10.9 AE 8.1, mean epilepsy duration 23.2 AE 11) who had consecutively undergone presurgical evaluations with ictal video-EEG recordings from 1995 to 2002, had had epilepsy surgery due to intractable medial temporal lobe epilepsy with complex partial seizures due to unilateral medial temporal lobe lesions. Patients with dual pathology were excluded. Only patients who had long-term video-EEG and recorded psychomotor (complex partial) seizures were included. Epilepsy surgery was performed on the left in 76 patients and on the right side in 65. Histopathological examination revealed hippocampal sclerosis in 126, benign brain tumour in 13 (ganglioglioma in 8, dysembryoplastic neuroepithelial tumour in two, lowgrade oligodendroglioma in one, low-grade astrocytoma in one), cortical dysplasia in one, cavernoma in another case. There were 111 patients who had a 2-year postoperative evaluation, and 84 (76%) of them became seizure-free 2-years postoperatively. For reevaluating the archived seizures, we selected 1-3 consecutively recorded psychomotor (complex partial) seizures of each patient. If the patient had more than one recorded seizure, then we re-evaluated only the first three ones. The video recordings were prospectively reviewed by one of the authors (J.J. or A.F.) blinded to patient's clinical data except the diagnosis of medial temporal lobe epilepsy. Altogether 310 archived seizures were analysed.
For the present study, lateralization of EF was defined as the lateralization of the epileptogenic lesion and of the side of the surgery. In all patients the surgery was on the same side as the epileptogenic lesion.
Patients underwent continuous video-scalp EEG monitoring lasting >2 days. The electrodes were placed according to the 10-10 system. All patients had high-resolution MRI examinations made on 1.5 or 1.0 Tesla Siemens Magnetom MR machines using special protocol for detecting epileptogenic lesions. At the admission to presurgical unit, all patients underwent detailed clinical examination including determination of handedness, which was determined by Edinburgh Handedness Inventory.
Ictal hand dystonia was defined as sustained unnatural posturing of one upper extremity with a rotational component in the arm during the seizure. 11, 13 Hand automatism was defined as involuntary ictal movements of one or two hands such as picking at bedclothes, repetitive movements of fingers, pillrolling, fumbling, grasping, or repetitive raising and lowering of upper extremities. 1, 6 If hand automatism occurred in one hand only we defined it as UMA. 1 Ipsilateral UMA was defined if UMA was ipsilateral to the EF and there were no seizures where the UMA was contralateral to the EF. We categorized UMA as non-ipsilateral UMA if any UMAs occurred in the hand contralateral to the epileptic focus during one of the recorded seizures.
Positive predictive value (PPV) indicates the ratio of true positive cases divided by all positive cases. Considering previous studies, true positive cases were defined as ipsilateral UMA.
Statistical methods
For statistical evaluation, binomial, Chi-square and Fisher's exact tests were carried out. Error probabilities of <0.05 were considered to be significant.
Results
Hand automatism was present in 122 (86.5%) of 141 included patients. UMA occurred in 75 (53%) of 141 patients and in 128 (41%) of 310 seizures. UMA was ipsilateral to the EF in 53 patients (PPV = 75%, p = 0.001) and 94 seizures (PPV = 73%, p < 0.001). UMA was accompanied by contralateral ictal hand dystonia in 27 patients (19% of all patients and 36% of patients with UMA) and 39 seizures (13% of all seizures and 30% of seizures with UMA). UMA with accompanying dystonia has a PPV = 85% ( p = 0.001) and PPV = 90% considering seizures ( p < 0.001). UMA without accompanying dystonia occurred in 48 patients and 89 seizures. UMA without accompanying dystonia has a 63% PPV considering patients ( p = 0.11, non significant) and 66% PPV considering seizures ( p = 0.003).
Comparing the lateralising value (PPV) of UMA with versus without accompanying dystonia, the difference was significant considering patients ( p = 0.03) and seizures ( p = 0.006).
Thus, we concluded that UMA with accompanying dystonia has a reliable lateralising value, while UMA without dystonia has only limited information as to the side of epileptic focus. According to our working hypothesis, for the further evaluation we investigated only those patients in whom UMA occurred without dystonia and examined whether its lateralising value depended on which hand was involved: whether the left-sided UMA differed from the rightsided UMA. Right-sided UMA without dystonia occurred in 35 patients and was ipsilateral to the EF in 20 patients (PPV = 58%, p = 0.25). Thus, it has no predictive value to the EF. Left-sided UMA without dystonia occurred in 17 patients and was ipsilateral to the EF in 14 patients (PPV = 82%, p = 0.001). Comparing the lateralising value (PPV) of left-sided vs. right-sided UMA without dystonia, the difference was highly significant considering patients ( p = 0.001) and seizures ( p = 0.001). UMA without dystonia occurred two times more often in the right hand ( p = 0.018).
We tested whether the lateralising value of UMA was determined by handedness. In patients with left-sided UMA, non-right-handedness occurred in six cases and all of them had a left-sided surgery. In patients with right-sided UMA, non-right-handedness occurred in seven cases: five of them had left-sided, while two of them had right-sided surgery. Due to the limited statistical power available from the small number of non-right-handers, we could not determine whether handedness influences the lateralising value of UMA. We repeated this test to analyse whether the low PPV of right-sided UMA without dystonia was determined by handedness. Concerning patients with left-sided UMA without dystonia left-handedness or ambidexterity occurred in two cases, both of them had a left-sided epileptic focus. In patients with right-sided UMA without dystonia left-handedness or ambidexterity occurred in five cases, four of them had left-sided, while one of them had right-sided focus. Again, due to the limited statistical power we could not prove whether handedness was associated with the lateralising value of UMA.
Discussion
Investigating patients with drug-resistant medial temporal lobe epilepsy, we found that hand automatisms occur in 86.5% of patients. UMA occurred in 53% of patients. If UMA was accompanied by contralateral hand dystonia, it had a high lateralising value to the ipsilateral EF, it was ipsilateral in 85% of patients. Conversely, if UMA occurred without contralateral dystonia, it had only a limited lateralising value. It was ipsilateral to the EF in only 63% of patients. However, we found that left-sided UMA without dystonia had a high lateralising value to the left hemisphere (ipsilateral to the EF in 82%), while right-sided UMA without dystonia practically had no lateralising value.
The origin of ictal manual automatisms is controversial. By stimulating the anterior gyrus cinguli and mesiotemporal structures oral and hand automatisms can be evoked 12, 13 indicating that automatisms may be caused by spreading ictal activity. Others suggest that automatisms may be release phenomena during partially disturbed consciousness. 3, 14 We can speculate that the different lateralising values of left versus right UMA may be caused by handedness, such as right-handed patients independent of EF tend to use their right hand in a semipurposeful or purposeless manner during disturbed consciousness and this phenomenon is seen as automatism. This kind of UMA has no lateralising value as it depends on handedness and not on the EF. We hypothesize that UMA occurring in left hand is probably independent of handedness and lateralises to the left hemisphere as it may be a truly bilateral automatism, but automatisms contralateral to EF are overridden by contralateral ictal paresis as suggested by Kotagal et al. Thus, there may be two mechanism of UMA: one is caused simply by general hand preference, while the other by contralateral dystonia or paresis. 11 The right-sided predominance of UMA may also support this theory. The non-lateralising nature of right-sided UMA supports the hypothesis that ictal automatisms (or at least one kind of ictal automatism) may be a release phenomenon and not caused directly by the ictal activity.
One of limitations of our study is its retrospective nature. Moreover, we investigated a highly selected patient group because only those patients were included who had medial temporal lobe lesions and epilepsy surgery. This bias can be eliminated by prospective studies analysing the lateralising value of UMA which include patients during primary selection of surgery or during more advance phases of presurgical evaluation, in whom the localisation of the epileptogenic region is uncertain at the moment of video-tape evaluation.
